pared to other nutrients by light and heat during storage resulting in degradation of flavor or nutritional value because it binds many kinds of polyunsaturated fatty acids in the structure. Therefore, oxidation of fats and oils is closely associated with the quality of foods 1 . Furthermore, the oxidized fats and oils causes food toxicity. One of the famous food poisoning incidents caused by deteriorated Abstract: Pica behavior, a behavior that is characterized by eating a nonfood material such as kaolin and relates to the degree of discomfort in animals, and the variations of locomotor activity of rats after eating deteriorated fat and oil extracted from instant noodles were examined in our previous study. The result shows that oxidized fat and oil with at least 100 meq/kg in peroxide value (PV) increase pica behavior and decrease locomotor activity. In the present study, the same two behaviors were measured using autoxidized trilinoleate (tri-LA) and tridocosahexaenoate (tri-DHA) as a model of vegetable and fish oil, respectively, to compare fatty acid differences against the induction of two behaviors. The oxidized levels of tri-LA and tri-DHA were analyzed with PV and p-anisidine value (AnV), the method to analyze secondary oxidized products. The oxidation levels of respective triacylglycerol (TAG) samples were carefully adjusted to make them having almost the same PV and AnV. As the results, 600 or more meq/kg in PV of both TAGs significantly increased the consumption of kaolin pellets compared to the control group. Furthermore, 300 or more meq/kg in PV of tri-LA and 200 or more meq/kg in PV of tri-DHA demonstrated significant decrease in locomotor activity compared to control group. These results would indicate that the oxidized TAG having the same PV and/or AnV would induce the same type of pica behavior and locomotor activity. Furthermore, that the structure of oxidized products might not be important and the amount of hydroperoxide group and/or aldehyde group in deteriorated fats and oils might affect the pica behavior and locomotor activity were thought.
INTRODUCTION
Fats and oils, mainly composed of triacylglycerol TAG , is one of the three major nutrients with carbohydrates and protein. Fats and oils has important roles for our body such as energy source, resources of eicosanoids to keep homeostasis, absorption of hydrophobic vitamins in small intestine, etc. Also, fats and oils is a very important heating medium from the cooking points of view. Consequently, we have a lot of opportunities to eat fats and oils in our life. However, the fats and oils in food is easily oxidized com-fats and oils was occurred in Japan about 50 years ago [1964] [1965] . The cause of the incidents was deteriorated fats and oils in instant noodles 2 . The main symptoms of the food poisoning were chills, nausea and vomiting; however, no one died. After the incidents, Japanese government established the specifications of instant noodles in Food Sanitation Law and the values were 30 or less meq/kg in peroxide value PV and 3 or less in acid value AV .
There are many studies seeking the cause of toxicity formed in deteriorated fats and oils. Incidentally, free fatty acids, quantified with AV, formed during the deterioration of fats and oils is not thought to be a cause of the toxicity 3 . Nowadays, it is thought that main cause of the toxicity in oxidized fats and oils are lipid hydroperoxide and secondary oxidized product 3 5 . Some studies pointed out that cyclic compounds and the polymerization products formed in oxidized fats and oils are also candidates of the poisoning 6 9 . However, these studies evaluate the toxicity using chronic, sub-acute, or acute toxicity test of mice and rats by administration of oxidized fats and oils. As mentioned above, the real food poisoning incidents by deteriorated fats and oils in food caused no death and many types of symptoms such as chills, nausea and vomiting. These facts indicate that the way has been employed for the evaluation of the toxicity for deteriorated fats and oils thought to be not realistic and appropriate. In our previous study, we reported that oxidized fats and oils extracted from deteriorated instant noodle affects the changes of two types of behavior such as pica behavior and locomotor activity in rats 10 . The pica behavior is a behavior characterized by eating a nonfood material such as kaolin and relates to the degree of discomfort such as nausea and chills in animals 11 18 . The locomotor activity is also related to the degree of discomfort in animals. As the results, fat and oil with 100 or more meq/kg in PV induces significantly high pica behavior and low locomotor activity compared with the control group and the main cause of the acute symptoms in the rats are due to the mixture of lipid hydroperoxide and the secondary oxidized products were suggested.
In fact, our previous study 10 used oxidized fats and oils contained in instant noodle and the fatty acid composition was not unified. Consequently, in this study, trilinoleate tri-LA , TAG consisted of representative polyunsaturated fatty acid in plant oil and having 2 double bonds in the structure, and tridocosahexanate tri-DHA , TAG consisted of representative polyunsaturated fatty acid in fish oil and having 6 double bonds in the structure, were oxidized and the oxidized oil was administrated to rats using a feeding needle to control administration amount according to the body weight. Finally, the effect of fatty acid species difference against pica behavior and locomotor activity between tri-LA and tri-DHA were examined.
MATERIALS AND METHODS

Chemicals
The tri-LA and tri-DHA were obtained from Tsukishima Foods Industry Co., Ltd. Tokyo, Japan . Triton X-100 was purchased from Sigma-Aldrich Japan Tokyo, Japan . Other reagents were bought from Wako Pure Chemical Industries, Ltd. Osaka, Japan .
Oxidation of trilinoleate and tridocosahexaenoate
Ten gram of tri-LA or tri-DHA was oxidized in a Petri dish 8.5 cm inner diameter with 1700 ppm α-tocopherol in order to prevent polymerization on the surface of the oil. Tri-LA and tri-DHA were left at 60 for 10 days and 29 days, respectively. The concentration of α-tocopherol was obtained from the preliminary study. The deterioration levels of tri-LA and tri-DHA were evaluated with PV and panisidine value AnV . PV was determined by the colorimetry method 19 . The analysis of AnV was performed according to the method indicated in the Standard Methods for the Analysis of Fats, Oils, and Related Materials established by Japan Oil Chemists Society 20 .
Preparation of oxidized TAG emulsion for administration
The oxidation level of TAG was adjusted by mixing the oxidized and non-oxidized TAGs. Seven kinds of oxidized levels of TAGs were obtained and the values are shown in Table 1 . The sample emulsion was prepared according to the following procedure. Two milligram of TAG indicated in Table 1 was mixed with 0.1 g of Triton X-100 in a 50 mL screw cap bottle and 18 mL of distilled water was added to the mixture. The screw capped 50 mL bottle was mixed vigorously using vortex mixer and the roughly mixed solution was thoroughly emulsified using ultrasonic homogenizer BRANSON SONIFIER 250, Branson Ultrasonics, Emerson Japan, Ltd., Atsugi, Japan for 5 minutes under cooling with ice. The emulsion was stored in refrigerator at 4 till use.
Animal care
Male Slc:SD strain rats obtained from Japan SLC, Inc. Shizuoka, Japan 6-week-old were housed in stainless steel wire-mesh cages and maintained at 22 1 and 55 15 relative humidity under a 12 h light-dark cycle lights on from 7:00 AM to 7:00 PM . The rats had free access to water and were fed AIN-76 based diet Oriental Yeast Co. Ltd., Tokyo, Japan from powder feeder apparatus Roden CAFE, Oriental Yeast Co., Ltd. prior to commencing the study. The experiments were performed in accordance with University of Kochi Guidelines for Animal Use and Care published in 2011.
Evaluation of pica behavior and the measurement of
locomotor activity in rats Kaolin pellets are solid pellets consisting of gum arabic and hydrated aluminum silicate and were obtained from LSG Co. Ltd. Tokyo, Japan . Both pica behavior and locomotor activity were measured in the same animal at the same time. Rats were singly housed in individual cages laid with a wire mesh on the floor 240 390 320 mm . The rats were divided into seven groups n 6 per group . A sample emulsion corresponding to 1 mL/100 g body weight was given to the rats using a feeding needle. The rats had free access to water, diet and the kaolin pellets in the cage. The consumption amounts of diet and kaolin pellets, and the change of body weight for 24 h after the ingestion of the sample emulsion were measured. And their behaviors after the ingestion of the sample emulsion were recorded with an infrared camera for 24 h in a lighted room. The video camera was mounted vertically above the apparatus for automatic and simultaneous analysis using an image analyzer program SMART; Bio Research Center, Nagoya, Japan and the total distance each rat moved in the cage was calculated. The total distance rats moved over 24 h were compared between control emulsion and sample emulsion groups. The consumptions were calculated from the amount of decrease in container weight after collected all the broken pieces spilled in the cage back to the container. In addition, spilled kaolin pellet contains the moisture, such as drinking water and excrement, therefore kaolin pellets need to be completely dried. The measurement of diet pellet consumption was performed with n 3 because diet pellet prone to be shattered compared to kaolin pellets.
Statistical analysis
The homogeneity of variance between control and test oil groups was assessed using F-test. The statistical analysis was conducted with t-test or Welch s t-test between control and test oil groups according to the F-test results. The difference was considered significant when p value was less than 0.05.
RESULTS
Evaluation of pica behavior by the amount of kaolin consumption
The amount of kaolin consumption was measured to determine the discomfort of rats after administrating deteriorated tri-LA Fig. 1 and tri-DHA Fig. 2 . From the result of tri-LA, the amount of kaolin consumption was significantly different between controls and test oil groups having 600 meq/kg p 0.05 and 737 meq/kg p 0.01 in PV. On the other hand, from the result of tri-DHA the amount of Fig. 2 The comparison of kaolin consumption for 24 h after administrating tri-DHA between the control group and 6 different test oil groups. Each group consisted of 6 rats. **: P < 0.01 (vs control).
kaolin consumption was also significantly different between controls and test oil groups PV 600 meq/kg and 737 meq/kg p 0.01 . The amount of kaolin consumption increased with the degree of oxidation. Incidentally, no diarrhea was observed in this experiment.
Variations in locomotor activity
The variations in locomotor activity after administrating of deteriorated tri-LA and tri-DHA are shown in Fig. 3 and  4 , respectively. The test oil group having 100 meq/kg in PV did not have a significant decrease in total moving distance compared to the control group in both deteriorated tri-LA and tri-DHA. Also, the deteriorated tri-LA group having 200 meq/kg in PV did not have a significant decrease. However, other deteriorated tri-LA groups demonstrated a significant decrease in total moving distance compared to the control group p 0.01 . With the exception of deterio-rated tri-DHA having 100 meq/kg in PV, deteriorated tri-DHA expressed a significant decrease in total moving distance compared to the control group p 0.01 . Incidentally, no diarrhea was observed in this experiment.
DISCUSSION
It has been used chronic, sub-acute, or acute toxicity test using mice or rats to evaluate the toxicity of deteriorated fats and oils 3 9 . The food toxicity incidents caused by deteriorated fats and oils in instant noodle occurred in Japan and the main symptoms of the food poisoning were chills, nausea, and vomiting; however, no one died 2 . These facts mean that evaluation of toxicity for deteriorated fats and oils by common toxicity tests is distant because no one died in those incidents so far. The point is that these rodents are the animals cannot vomit 12, 17 . Consequently, the evaluation of these animals discomfort is thought to be difficult. Pica, a behavior characterized by eating a nonfood material such as charcoal, wood, or kaolin, is known to be related to nausea and emesis. Animals administrated harmful compounds eat nonnutritional kaolin to relieve malaise and the amount of kaolin consumption increases with the degree of nausea and emesis 13, 15 18 . Variations in locomotor activity are strongly related to the nervous system 21 24 . Emesis and nausea are also symptoms related to the central nervous system. Therefore, hypoactivity, a decrease in locomotor activity, would also elucidate the physical conditions of mice or rats after intake of deteriorated fats and oils. According to these ideas, we employed pica behavior and variation of locomotor activity to evaluate the discomfort of rats after fed deteriorated fat and oil extracted from instant noodles in our previous study 10 .
The both results suggested that oxidized fat and oil at least 100 meq/kg in PV affected the physical condition of mice. This level was almost the same as the level of deteriorated fats and oils in instant noodle which induced food toxicity in Japan. Incidentally, the level detected by acute toxicity test was higher than 1,200 mEq/kg in PV 5 . However, we did not pay an attention on the fatty acid compositions of the fats and oils extracted from instant noodle in our previous study. The fats and oils used for the processing of instant noodle is mainly palm oil and/or lard and the fatty acid compositions of the fats and oils are not unified. The oxidation of fats and oils occurred at polyunsaturated fatty acids in fats and oils and several kinds of polyunsaturated fatty acid exist in the fats and oils extracted from instant noodle. If the pica behavior and the locomotor activity affected by the fatty acid species in fats and oils, the evaluation way for fats and oils using PV or AnV do not have any meaning. Consequently, the difference of the pica behavior and locomotor activity by oxidized tri-LA Fig. 3 The comparison of locomotor activity for 24 h after administrating tri-LA between the control group and 6 different test oil groups. Each group consisted of 6 rats. **: P < 0.01 (vs control).
Fig. 4
The comparison of locomotor activity for 24 h after administrating tri-DHA between the control group and 6 different test oil groups. Each group consisted of 6 rats. **: P < 0.01 (vs control). and tri-DHA was examined. It is well known that oxidizability of DHA is 5 times higher than that of linoleic acid 25 . The PV, indicating lipid hydroperoxide level, and AnV, indicating secondary oxidized compounds level, were adjusted as much as possible between oxidized tri-LA and tri-DHA.
The results show that the rats administrated oxidized tri-LA or tri-DHA having 600 or more meq/kg in PV consumed significantly high kaolin pellet compared to the control group. This deterioration level is fairly high compared to the upper limit of PV determined by Food Sanitation Low in Japan for instant noodle. This intake level is almost the same as that 75 kg human eats 7.5 g of this deteriorated oil at a time. The rats administrated oxidized tri-LA having 300 or more meq/kg in PV and administrated oxidized tri-DHA having 200 or more meq/kg in PV demonstrated a significant decrease in locomotor activity compared to the control group. There was no significant difference between the result of administrating each sample. The sensitivity of the detection of comfort using locomotor activity was superior to pica behavior and the same tendency was detected in our previous study 10 . Consequently, almost the same pica behavior and locomotor activity were observed between two oxidized TAGs. The difference of lipid hydroperoxide structures, quantified by PV, formed from tri-LA and tri-DHA is matrix structure; however, the form of hydroperoxide group is the same. PV is the meathod to quantify the amount of hydroperoxide group in the structure. In contrast, the main components of the secondary oxidized compounds, quantified by AnV, formed from linoleic acid are 1-hexanal, 4-hydroxy-2-nonenal, etc and formed from DHA are 1-propanal and 4-hydroxy-2-hexanal, etc. In fact, linoleic acid is n-6 fatty acid and DHA is n-3 fatty acid. This difference causes the different structure of formed secondary oxidized produts. In this study, the AnVs were also adjusted to make them the same in seven kinds of deteriorated TAGs between tri-LA and tri-DHA. AnV is a quantification way to quantify aldehyde group. Consequently, it is thought that the amouns of aldehyde group was almost the same between two oxidized TAGs. Although the formed compounds from tri-LA and tri-DHA by oxidation are different, the amount of hydroperoxide group and aldehyde group are almost the same between two deteriorated TAGs. These results might mean that the pica behavior and locomotor activity were affected by the amount of hydroperoxide group and aldehyde group not by the structure of the formed compounds during oxidation of TAG because the both of deteriorated tri-LA and tri-DHA expressed the same type of pica behavior and locomotor activity.
CONCLUSION
The PV and AnV were the factors well used to under-stand the deterioration levels of the fats and oils. For example, Food Sanitation Law in Japan employs PV to control sanitation of foods processed with fats and oils. The results of our study suggest that the fatty acid composition in the food is not an important factor and the PV and/or AnV level is an important factor for understanding the possibility of getting ill after eating deteriorated foods processed with fats and oils. However, the cause of the compound in deteriorated TAGs that mainly affects the pica behavior and locomotor activity were not clarified in this study because the both oxidized TAGs were adjusted to have almost the same PV and AnV level. Consequently, the same type of studies using TAG having high PV and fairly low AnV or fairly low PV and high AnV should be carried out to make this question clear.
